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Th  i  h  report  provides  <1  cost  .inolysis  for  dprn«iissioninf>  theuAKKRH  rRH<4  reactor  inctilty. 
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Kegu  1.1 1  Ions,  which  requires  th.it  funding  for  the  decommissioning  of  reactor  facilities  he 
iv.itl.ible  when  licensed  Activities  cense. 


j)  TRICA  reactor  r.icilt 
decommissioned.  This 


The  pl.inned  method  of  decomml  ssioning  Is  complete  dccont  am  i  n.it  1  on  (DK.00N)  of  the  AKRRI 
TRICA  re.ictor  site  to  .illow  for  restor.it  Ion  of  the  site  to  lull  public  Access.  The  cost 
of  DKCOH  In  1990  doll.irs  Is  estimated  to  be  11,200,000.  The  Anticipated  Ancillary  costs 
of  facility  site  demob  i  I  i  /At  ion  ,md  spent  fuel  shipment  will  be  .in  acd't  tonal  $600,000. 
Thun,  the  total  cost  of  terminating  reactor  operations  At  AKRRI  will  be  about  $  I, H00, 000. 
Tlie  primary  basis  for  developing  this  cost  estimate  was  a  stody  of  the  decommissioning 
costs  of  a  similar  reactor  facility  performed  by  ftattelle  Pacific  Northwest 
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boratory,  as  provided  in  U.S.  Nuclear  Regulatory  Co*-iission  publication  NUREC/CR- l 756 
e  data  in  this  study  were  adapted  to  reflect  the  decommissioning  requirements  of  the 
RRI  TRICA  reactor  facility.  5 
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Introduction 


The  U.S  Nuclear  Regulatory  Commission  (USNRC)  reouires  all  rwvwr-  r  j 
reactor  facilities  to  ensure  that  f„n/  r  ' 1 ».  j  '  requires  all  LbARC-licensed 

will  be  available  when  licensed  activities  ceue  d^^missi?mn^  of  these  facilities 
paragraph  50.33  of  Title  10  Code  of  V  a  i  requirement  is  specified  by 
November  30,  1983.  Because the Yrlj )fpFeder^  ^nations  (CFR),  dated 
(AFRRI)  TRIGA  reactor  facilitt  T,  o  rCr  R^diohloio^  Research  Institute 
government,  future  Lby  the  Federal 

statement  of  intent  to  budget  the  cost  'AFh* ranteed  through  a  governmental 
sufficiently  in  advance  of  ■  ■  b“d?et  re1uest  *h°u!d  be  made 

activities.  '  °f  d«°»“>“s,„n,ng  to  prevent  the  delay  of  required 

removaf  from  £S£  "f”  fa‘ilily  **  «h«  «h 

permits  the  release  “f  the  pronenv  ?or  rad‘°«tiv»y  to  a  level  that 

decommissioning  methods  arc  available*^  ranvin?^ restricted  use.  A  variety  of 
the  reactor  site  to  its  immediate  decontaminsC  from ‘Permanent  entombment  of 
location  in  Bethesda,  MD,  the  best  method  of "de  C°ns,derm«  AFRRI’s  urban 
decontamination  of  the  reactor  facility  she  to  *U  d^omm,SSIOning  >s  immediate 
This  method  of  decommissioning  I  *  *r  to  allow  for  unrestricted  public  access 
involve  only  the  S  S' ”  »EC°*-  DEC°^  coat, 
that  contain  radioactive  contaminants  The  portlons  of  th«  facility 

dcmolinon  of  .ho  uncon, am, n„ed  portions  of  “ii.y  2TtS&“ d  tciil^ 

the  decommissioning PIostsn'of  FTRlcA'PrescwffbTid  pr'marily  °n  a  st,,dy  ol 

•Northwest  Laboratory  (PtfM  Entitled  Trchn^'  *'  prepared  by  the  Pacific 

H^pmmmioning  Reference  V,, ~  d  -Xllf ^ n°(ng Y ,  **Hv,_and  C  »sts  of 

A^hhtionaltl^a  !  were  ob^a^^T^f^ro^iT^ 

decommissioning  the  Diamond  Crdna  ice  R^dist;*”0]? ' 16  •  wh°  wcre  involvcd  with 

*“»  •-  ^TTJSSSS  JS:  WMte*  at 

SS  tsr  t  <r 

„“d  ’z'*r  z  :*•  °sf™.  ^sz^sj 

-VI-RRI  TRIGA  and  the  PNL  study's  rr»st  ‘  /or  differences  between  the 
examined  in  this  report:  Y  t0r  facility,  the  following  areas  are 

* E  £«*., the  «*•««« ^ 
OSTR.  ,aC<?  doH*  r*trn’  compared  with  those  of  the 

Inflation  factors  since  lQfli  when  the  PXT  .*  i 

•  Major  differences  in  f Ar ; i :? «  i  P‘%L  w“  madc- 

decommissioning  coats.  X  ayo,lt  ftn<1  design  that  will  impact 

•  Cost  of  labor  di/Tcrence*  between  the  two  facilities 

•  Waste”  i-r”<,r^  differences  between  the  two  facilities. 

%JI^j^jr*hippin*  "f»"‘  fucl  „d  contaminated 


Major  Differences  in  Facility  Layout  and  Utilization 

The  AFRRI  TRIGA  and  OSTR  are  similar  in  reactor  core  design  and  basic 
operation,  but  they  are  substantially  different  in  facility  layout  and  utilization. 
Figure  1  shows  the  OSTR;  the  core  is  fixed  in  position,  and  irradiation 
experiments  are  performed  in  the  pool  irradiation  facility,  through  various  beam 
ports  and  shielding,  and  within  the  reactor  pool  itself.  Figure  2  shows  the 
AFRRI  TRIGA,  which  is  capable  of  moving  on  a  fixed  track,  and  irradiation 
experiments  are  performed  primarily  in  two  large  exposure  rooms  and, 
secondarily,  in  an  experiment  tube  within  the  reactor  core  itself. 

The  AFRRI  exposure  rooms  are  subjected  to  high  doses  of  neutron  radiation 
when  tne  reactor  core  is  in  position  to  irradiate  an  experiment  in  a  given 
exposure  room.  As  a  result,  the  quantity  of  activated  concrete  and  other 
activated  materials  within  the  exposure  room  will  be  significantly  greater  than 
that  for  the  OSTR.  The  PNL  study  reports  the  1979  decommissioning 
experience  of  a  facility  similar  in  design  to  the  AFRRI  TRIGA,  the  Diamond 
Ordinance  Radiation  Facility  (DORF)  (figure  3).  Based  on  the  analysis  of  the 
decommissioning  of  DORF,  we  can  approximate  the  amount  of  contaminated 
material  that  must  be  removed  from  the  AFRRI  TRIGA  site. 


Figttre  1.  V»ftic»|  vi«w  of  th«  Onion  Si*u 

TIUCJA  r»«tior  (OSTR),  OriM  Dodd,  OSTR 


The  gross  amount  of  radioactive  material  to  be  removed  from  the  AFRRI 
TRIGA  will,  ae  stated  eariier,  be  greater  than  that  of  the  OSTR,  but  the 
radioactivity  concentrations  at  the  time  of  shutdown  will  probably  be  similar. 
Based  on  the  DORF  decommissioning  experience,  the  specific  activity  of  the 
contaminated  materials  to  be  removed  as  part  of  DECON  should  be 
approximately  4.2  /iCi/Mg.  Complete  projected  radionuclide  inventories  can  be 
found  in  NUREG/CR-17S6. 
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'  V  .  * .  4  i  :  *.J,  V1 


.Vt.ji: . t  - 


Fl|ar«  3.  Vertical  eeciioa  view  of  ike  Armed  Force* 
Radtobeoiofy  Re— arck  Iaetiiat*  TRIGA  reacloc. 
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MOTOR 


Fljtir*  }  V.r»K*i  wlm.l  vt«w  at  kk«  Diamond  Otilmtlcl 

Kvtinkto*  K*c:ii»f  TRUJA  r*+tlnf 
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Waste  Disposal  Costs 

The  cost  estimate  for  waste  disposal  includes  the  following  factors: 

•  The  amount  of  contaminated  material  to  be  removed  and  packaged  using 

the  methodology  of  the  DORf  decommissioning  project  and  the  data 
from  NUREG/CR-1756 

•  The  cost  of  transporting  the  waste  :_>  a  radioactive  waste  disposal  site 

using  the  data  from  NUREG/CR-1756. 

•  The  cost  of  disposal  of  low-level  radioactive  waste  based  on  AFRRI  Safety 

and  Health  Department’s  experience  with  the  disposal  of  low-level 
radioactive  waste  at  the  Barnweil,  SC,  waste  disposal  site. 

Most  of  the  waste  material  to  be  removed  from  the  AFRRI  site  consists  of  the 
activated  concrete  and  wood  from  the  exposure  rooms,  the  contaminated 
aluminum  of  the  reactor  tank,  and  the  reactor  core  support  structure  itself.  For 
the  purposes  of  this  cost  estimate,  the  volume  of  concrete  to  be  treated  as  low- 
level  radioactive  waste  is  the  volume  of  concrete  that  results  from  a  uniform  1- 
foot  deep  excavation  of  both  exposure  rooms.  Based  on  the  DORF 
decommissioning  experience,  however,  the  actual  volume  of  contaminated  concrete 
will  probably  be  less  than  the  amount  reported  in  table  1.  An  overestimate  of 
the  amount  of  contaminated  concrete  is  acceptable  because  it  errs  on  the  side  of 
a  more  conservative  decommissioning  budget  calculation. 

The  packaging  and  transportation  costs  were  developed  using  data  from 
NUREG/CR-1756.  It  is  assumed  that  all  materials  removed  during  DEOON 
activities  could  be  treated  as  low-level  radioactive  waste,  so  3.5  m‘  plywood 
shipping  crates  costing  llOO  (1981  dollars)  each  would  be  used.  The  cost  per 
unit  volume  of  disposing  the  waste  at  a  radioactive  waste  depository  is  taken  to 
be  }'„’325/mJ  (based  on  Barnweil  charges  in  1989  dollars).  For  the  purposes  of 
this  report,  a  worst  case  scenario  of  a  shipment  to  a  destination  in  Washington 
stale  has  been  selected.  The  estimated  waste  disposal  costs,  adjusted  to  1990 
dollars,  are  reported  in  table  1. 


Table  1.  Estimated  Waste  Disposal  Costs  for  DECON 
of  AFRRI  TRIGA  Reactor 


Wn»ca  material 

V<  >  1  u  ma 
(m'J 

P  3  1 

Ma*a 

("«) 

Cratea 

(no  ) 

Shipping 

Cost* 

Contaminated  roncreta 

102  40 

2  3 

233  5 

30 

144.320  42 

<3t 5.0 Cl  4.1 

Contaminated  wood 

70  S2 

0  7 

S3  A 

23 

10,1  19  25 

235.922  10 

Contaminated  aluminum 

1  s« 

2  7 

5  0 

1 

'145  05 

0,5/til  54 

Hrarlof  veaael 

N,  A 

N/A 

0  9 

1 

IM  0,3 

ion  ;a 

Total 

03 

^l/A,  not  applicable. 

m#sa*rama. 

Coat  -i  (roat/<-rnla)(#  of  rratea)  ♦  «hippm(  foaia  *■  diapnaai  roata. 
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Labor  Costs 


The  labor  cost  estimate  is  also  based  on  information  in  NUREG/CR-1756.  The 
labor  costs  shown  in  table  2  account  for  overhead  cost3,  such  as  specialty  tools 
ami  equipment,  specialty  contractors,  liability  insurance,  and  fees.  Because  the 
AFRRI  TRIGA  facility  is  larger  than  the  OSTR  and  the  DORF  facilities,  the 
iabcr  cost  data  have  been  scaled  up  to  reflect  increased  labor  costs  (1931  dollars). 


Table  2.  Estimated  Labor  Costs  for  DECON 
of  the  AFRRI  TRIGA  Reactor1 


Staff  posit.on 

Warkyeors 

Rate 

Cost 

(*'0  ) 

(JtlOOO/hr) 

(tlOOO) 

Management  and  support  rtaiT 


Decomm  superintendent 

2.0 

SS9.1 

*178. 20 

D-comm  engineer 

2  0 

78  0 

152  00 

Secretary 

2  0 

24.2 

43  10 

Clerk 

o.s 

24.2 

12.10 

Health  physicist 

2.0 

48  9 

93.80 

Radioactive  shipment  specialist 

0.5 

39  3 

19  85 

Procurement  specialist 

0.5 

39  3 

19.05 

Contract  and  accounting  specialist 

0  8 

47.1 

37  83 

Security  supervisor 

0.825 

55  9 

54.91 

Security  patrol  officer 

3  8 

25  4 

91.44 

QA  engineer 

0.7 

4a  9 

32  ?3 

Control  room  operator 

10 

34  5 

34 .30 

Consultant 

10 

100. 0 

100  00 

Detornm  workers 

Shift  engineer 

1.0 

52  2 

32  20 

Craftsman 

2  0 

32.1 

84  70 

C r»w  leader 

0  5 

44.4 

22  20 

Elilily  operator 

0  342 

32.1 

10  98 

Laborer 

8  0 

30.9 

135  40 

Health  physics  technician 

3  0 

30  0 

90  00 

Total 

30  087 

N/A 

II. 230.17 

N/A,  not  applicants, 
'Reported  m  1981  do  line*. 


Enerjcy  Co*ti 

The  energy  costs  result  from  the  estimated  us*  of  electricity  required  to  carry 
out  DECON  activities.  The  »ourr*  of  the  data  prenented  in  table  3  is 
N L  R E(t/CR- 1  /  jfl;  values  have  been  scaled  up  to  represent  the  estimated  energy 
requirements  for  the  AFRRI  TRIGA  facility.  The  1981  coat  of  energy  is  taken 
to  lie  10008  per  kilowatthour  (kWh). 


Table  3.  Estimated  Energy  Co*-ts  for  DECON 
of  AFRRI  TRIGA  Reactor1 


System  or  equipment 

Energy  use 
(kWh) 

General  system  (crane,  etc.) 

9,000 

HVAC 

:o,goo 

Lighting 

23,000 

Control  room 

5,200 

Fire  protection 

eco 

Security 

5,600 

Communications 

900 

Domestic  water 

36,300 

Reactor  water 

23,400 

Compressed  aw 

15,000 

Building  heating 

302.600 

Decommtssioaiag  equipment 

20.000 

Total 

461.600 

Total  energy  coat  (*  10. 008/kWh) 

13,692.80 

'Reported  41  1  '8 1  dollar*. 


Inflation  Factor*  Since  1081 


The  effect*  of  inflation  must  be  factored  into  the  overall  cost  estimate  for 
DECON  and  decommissioning  to  arrive  at  an  accurate  cost  estimate  in  1990 
dollars.  Based  on  annual  Consumer  Price  Index  information  provided  by  the 
Defense  Nuclear  A  gency /  A  F  R  R I  Comptroller  Department,'1  the  inflation 
adjustment  factors  shown  in  table  4  were  used. 


Table  4.  Inflation  Adjustment  Factors 
Csed  in  Analysis  of  DECON  Costs 


Y»ar» 

Infl-tion  adjustment 
factor 

■sv 

I'.; 

k 

m 

1 7.i  i  *e 

t  Jit 

17*ft-S7 

1  027 

17*7-** 

!  031 

r»7*.*9 

I  040 

Ul\\- 

1 7*9-70 

1  036 

' 

t'e,  , ,  V 

17*1  JO 


1  JOT 


DECON  and  Decommissioning  Costs 

The  total  cost  of  DECON  is  the  inflation-adjusted  sum  of  the  expenses  outlined 
in  the  previous  sections  plus  a  contingency  fund,  consisting  of  25%  of  the 
inflation-adjusted  sum  of  expenses.  The  complete  decommissioning  of  the  AFRRI 
TRIGA  facility  requ'res  removing  the  spent  fuel  elements  and  derm  lishing  and 
restoring  the  AFRRI  TRIGA  site  (table  5). 


Table  5.  Estimated  DECON  and  Decommissioning  Costs 
for  the  AFRRI  TRIGA  Reactor 


Cost  Category 

Cost  ($1000) 

1981 

1990 

DECON: 

Waste  disposal 

$390.9 

$589.2 

Labor 

1,280.2 

1,929.3 

Energy 

3.7 

5.6 

Contingency  fund 

418.7 

631.0 

Subtotal 

$2,093.5 

$3,155.1 

Ancillary: 

Spent  fuel  removal  and  shipment 

150.0 

226.1 

Site  demolition  and  restoration 

250.0 

376.8 

Total 

$2,493.5 

$3,758.0 

Conclusion 

This  cost  estimate  is  the  first  step  in  developing  a  comprehensive 
decommissioning  plan  for  the  AFRRI  TRIGA  reactor  facility.  Five  years  before 
the  projected  end  of  operations,  a  preliminary  decommissioning  plan  will  be 
developed  as  required  by  Paragraph  50.75(f)  of  Title  10,  CFR.  This  plan  will 
include  the  following  information: 

•  A  declaration  that  DECON  will  be  the  method  of  decommissioning. 

•  Major  technical  actions  that  will  be  required  to  carry  out  decommissioning 

safely. 

•  Plans  for  surveying  the  actual  levels  of  radioactivity  in  the  materials  to  be 

removed  during  decommissioning. 

•  Plans  for  disposal  of  high-level  and  low-level  radioactive  waste. 

•  Plans  for  site  demolition  and  restoration  of  the  site  to  full  public  access. 
s  A  refined  cost  estimate  for  DECON  and  decommissioning. 
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